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netic	 diversity.	 Our	 results	 from	 both	 molecular	 marker	 types	 were	 congruent	 and	











or	 no	 contemporary	 gene	 flow	between	 them	 (e.g.,	 Foote,	Newton,	












species	 (e.g.,	 Natoli	 et	al.,	 2004;	 Pérez-	Alvarez	 et	al.,	 2017;	 Rosel,	
Hansen,	 &	 Hohn,	 2009).	 The	 molecular	 approach,	 when	 integrated	





The	common	bottlenose	dolphin	 (Tursiops truncatus)	 is	 a	cosmo-
politan	 cetacean	 species	 adapted	 to	 a	wide	 range	 of	 environments.	
Such	plasticity	makes	 the	species	 to	vary	geographically	 in	a	signifi-
cant	number	of	biological	traits.	Despite	limited	understanding	about	
the	taxonomic	identity	of	geographical	forms	and	connectivity	among	





and	 offshore	 ecotypes	 are	 notably	 distinct	 in	 their	 genetic	 profiles	
and	several	other	morphological	and	biological	aspects	(e.g.,	Hersh	&	



























revealed	strong	levels	of	structuring	(microsatellites	FST	=	0.385,	p	<	.001;	mtDNA	FST =  
0.183,	p	<	.001;	ΦST	=	0.385,	p	<	.001)	and	much	lower	genetic	diversity	in	the	coastal	
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et	al.,	 2016;	 Laporta,	 Fruet,	 &	 Secchi,	 2016).	 Recent	 studies	 have	
shown	remarkably	 low	 levels	of	genetic	diversity	and	strong	genetic	









the	 continental	 shelf	 break	 (>150	m	 of	 depth),	 and	 approximately	
100	km	or	 further	 from	 the	 coast	 (e.g.,	Di	Tullio,	Gandra,	Zerbini,	&	


















2.1 | Sample collection and stratification
The	 study	 area	 covers	 approximately	 2,100	 and	 1,000	km	of	 linear	
distance	 in	 coastal	 and	oceanic	waters	 of	 the	 SWA,	 respectively.	 It	
extends	 from	 the	 state	 of	 Paraná	 (PR),	 in	 southern	 Brazil,	 to	 Bahía	
San	 Antonio	 (BSA),	 in	 the	 Patagonian	 Argentina	 (25°18–54°40′S)	
(Figure	1).	Along	this	region,	biopsies	were	taken	from	common	bot-
tlenose	dolphins	using	modified	darts	specifically	designed	for	small	





isobath)	 to	 the	 slope	 (up	 to	 the	1,500	m	 isobath)	off	 southeast	 and	
southern	Brazil	 (~23°S	 to	~34°S)	 (Di	Tullio	 et	al.,	 2016).	All	 samples	
were	 collected	 in	water	 depths	 greater	 than	 146	m	 (mean	=	412	m)	
and	minimal	distance	of	103	km	from	the	coast	(mean	=	143	km).	All	
bottlenose	dolphin	biopsies	collected	during	these	ship-	based	surveys	





With	 the	 exception	 of	 three	 additional	 samples	 collected	 from	
dolphins	 regularly	 sighted	 in	 BSA	 that	 are	 morphologically	 distinct	
from	their	conspecifics,	and	resemble	those	of	the	putative	offshore	
ecotype	 (Bastida,	Rodríguez,	 Secchi,	&	da	Silva,	 2007;	Vermeulen	&	
Cammareri,	2009a	–	see	Figure	2c),	samples	from	coastal	bottlenose	
dolphins	 (n	=	124)	are	 the	same	used	 in	a	 recent	 study	 that	 investi-
gated	the	fine-	scale	genetic	structuring	of	these	dolphins	in	the	SWA	
(Fruet	 et	al.,	 2014).	 In	 brief,	 120	 biopsies	 were	 collected	 between	
2004	and	2012	during	small	boat-	based	surveys	conducted	in	coastal,	
shallow	waters	 (<2	km	 from	 shore,	 <10	m	 deep)	 of	 southern	 Brazil,	







et	al.	 (2014)	proposed	 the	existence	of	 two	distinct	ESUs	of	coastal	
bottlenose	 dolphins	 in	 the	 SWA:	 one	 comprising	 a	 metapopulation	
of	 five	 communities	 along	 the	 Southern	Brazil–Uruguay	 (SBU-	ESU),	





All	 samples	 used	 in	 this	 study	 (offshore	 and	 coastal)	 were	 pre-
served	 in	 20%	 dimethyl	 sulphoxide	 (DMSO)	 saturated	with	 sodium	
chloride	(Amos	&	Hoelzel,	1991)	or	98%	ethanol,	and	followed	identi-
cal	laboratory	procedures.







2.3 | mtDNA sequencing and haplotypes definition
We	 successfully	 aligned	 457	bp	 of	 the	 mtDNA	 control	 region	 (the	
same	 fragment	used	by	Fruet	et	al.	 (2014)	 to	 investigate	 the	popu-
lation	structure	of	coastal	bottlenose	dolphins	 in	SWA)	 for	45	sam-
ples	 collected	 in	 offshore	 waters,	 plus	 three	 samples	 collected	 in	
BSA,	Argentina.	Sequencing	was	carried	out	on	an	ABI	3730	(Applied	
Biosystems)	automated	DNA	sequencer	according	to	manufacturer’s	
instructions.	 Details	 for	 mtDNA	 PCR	 and	 sequencing	 procedures	
are	found	 in	Möller	and	Beheregaray	 (2001).	To	account	 for	poten-
tial	errors,	a	 total	of	10%	of	samples	were	resequenced.	Sequences	















and	 genotypes	 scored	 in	GENE	MAPPER	 4.0	 (Applied	 Biosystems).	
Rare	alleles	 (i.e.,	 frequency	<5%)	or	alleles	 that	 fell	 in	between	 two	
bins	 were	 regenotyped.	 Micro-	Checker	 2.2.3	 (Van	 Oosterhout,	
Hutchinson,	Wills,	&	Shipley,	2004)	was	used	to	check	for	potential	
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correlated	 allele	 frequencies	 (Falush,	 Stephens,	 &	 Pritchard,	 2003)	
and	an	admixture	model	with	no	a	priori	information	(Hubisz,	Falush,	











the	highest	hierarchical	 level	of	 structure,	which	 seems	appropriate	
to	 test	 for	 genetic	 differentiation	 between	 ecotypes	 of	 bottlenose	
dolphins.
2.6 | Genetic diversity and population structure 
within and between STRUCTURE clusters
Genetic	diversity	was	assessed	within	and	between	clusters	inferred	
by	 STRUCTURE.	 For	 mtDNA,	 genetic	 diversity	 was	 assessed	 by	
estimating	 haplotype	 (h)	 and	 nucleotide	 diversities	 (π)	 (Nei,	 1987)	
using	ARLEQUIN	3.5.1.2	(Excoffier	&	Lischer,	2010).	For	microsatel-
lites,	genetic	diversity	was	expressed	as	the	number	of	alleles	 (NA),	
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tests	 (Rice,	 1989).	 Conventional	 pairwise	F-	statistics	 tests	 (Weir	&	
Cockerham,	1984;	FST	and	ΦST	 for	mtDNA,	and	only	FST	 for	micro-






quencies	 of	 microsatellites	 to	 visually	 interpret	 genetic	 similarities	
between	individuals	without	the	constraint	of	forcing	them	into	a	set	
of	 clustering	 subdivisions.	 A	 median-	joining	 network	 implemented	











satellite	 genotypic	 data	 across	 all	 loci,	 after	 Bonferroni	 correction,	
for	 the	 offshore	 samples	 only,	 revealed	 significant	 deviations	 from	
Hardy–Weinberg	expectations	(HWE).	The	analysis	in	Micro-Checker	
indicated	five	loci	(Tur91,	TexVet,	EV37,	MK8,	and	KW2)	to	have	po-
tential	null	alleles	 in	 the	offshore	samples,	which	were	 likely	results	
of	the	HWE	tests	(Table	S1).	Therefore,	we	excluded	these	five	loci	
from	 the	 remaining	 analyses.	We	 found	a	nonsignificant	 inbreeding	



























ysis	also	assigned	 the	 three	new	samples	of	 individuals	 collected	 in	
BSA-	ESU	to	 the	offshore	ecotype.	The	same	 individual	 identified	 in	










Hap. s Indels h π PA NA AR HE HO FIS
Offshore	(20F:25M) 22 38 2 0.940	(0.016) 0.019	(0.010) 4.8 8.2 7.1 0.65 0.65 0.05
Coastal	(61F:63M) 11 18 0 0.702	(0.034) 0.009	(0.005) 1.6 3.3 3.1 0.21 0.26 0.20*
Hap	number	of	haplotypes; S	polymorphic	sites; h	haplotype	diversity;	π	nucleotide	diversity; PA	number	of	private	alleles;	NA	mean	number	of	alleles	per	
locus;	AR	mean	allelic	richness;	HE	mean	expected	heterozygosity;	HO	mean	observed	heterozygosity;	FIS	inbreeding	coefficient.
*Significant	multilocus	p	value	(p	<	.001).
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Geographical	structuring	between	ecotypes	was	also	evident	and	






































































Offshore Coastal SBU- ESU BSA- ESU
Offshore 0.000
Coastal 0.385* 0.000
SBU-	ESU 0.415* – 0.000











ecotypes	 (Table	1).	 For	 microsatellites,	 the	 mean	 number	 of	 alleles	
per	 locus	was	3.3	in	coastal	and	8.2	in	the	offshore	dolphins.	Allelic	
richness,	 a	measure	 that	 takes	 sample	 size	 into	 account,	was	 twice	
as	higher	for	offshore	than	for	coastal	bottlenose	dolphins.	Mean	ob-
served	heterozygosity	showed	a	similar	pattern	of	variation	and	was	












median-	joining	 network	 showed	 three	 main	 haplogroups	 enclosing	




offshore	 ecotype	 sampled	 in	 coastal	 waters	 of	 Argentina	 (Figure	5).	









Offshore Coastal SBU- ESU BSA- ESU
Offshore 0.000 0.385* 0.403* 0.272*
Coastal 0.183* 0.000 – –
SBU-	ESU 0.223* – 0.000 0.262*
BSA-	ESU 0.295* – 0.444* 0.000
SBU-	ESU,	Southern	Brazil–Uruguay;	BSA-	ESU,	Bahia	San	Antonio.






































not	 linked	 to	 analytical	 artifacts	 potentially	 produced	 by	 significant	
inbreeding	coefficients.	For	 the	coastal	ecotype,	a	significant	devia-
tion	of	HWE	may	be	due	to	a	combination	of	further	substructuring	




offshore	 dolphins	 of	 the	 SWA.	 Particularly,	 mtDNA	 haplotype	 and	
nucleotide	diversities	(h = 0.940; π = 0.019; n	=	45)	were	higher	than	
that	 reported	 for	 the	 offshore	 ecotype	 in	 a	worldwide	 perspective	
(h = 0.880;	π	=	0.028;	Tezanos-	Pinto	et	al.,	2009)	and	slightly	higher	
than	 reported	 for	 pelagic	 Northeast	 Atlantic	 (h = 0.929; π=0.014; 
n	=	101)	 and	 for	 Mediterranean	 (h = 0.902; π = 0.013; n	=	51)	 bot-
tlenose	 dolphins	 (Louis,	 Viricel,	 et	al.,	 2014).	 Similarly,	 high	 genetic	
variation	 was	 observed	 across	 the	 11	 microsatellite	 loci,	 mirroring	
the	overall	pattern	reported	for	offshore	ecotypes	of	bottlenose	dol-
phins	worldwide	(e.g.,	Hoelzel	et	al.,	1998;		Louis,	Viricel,	et	al.,	2014).	
Within	 our	 study	 region,	 we	 found	 that	 the	 offshore	 ecotype	 had	
higher	values	 for	all	measures	of	genetic	diversity	 compared	 to	 the	



















sizes	 (populations	 not	 exceeding	90	 individuals)	 and	high	 site	 fidel-





offshore	bottlenose	dolphin	ecotypes	 in	 the	SWA	that	 is	consistent	






(i.e.,	 zones	of	 sympatry	 or	where	offshore	 ecotypes	 are	often	 seen	
close	to	the	shore).	In	Bahía	San	Antonio,	for	example,	Vermeulen	and	
Cammareri	 (2009a)	 reported	 the	presence	of	 three	morphologically	
distinct	individuals	that	were	observed	on	a	regular	basis	interacting	
together	with	 individuals	of	 the	 small	 coastal	 dolphin	population	of	
this	 area.	 Analyses	 of	 both	 molecular	 marker	 types	 clustered	 their	

















the	 Last	 Glacial	 Maximum,	 perhaps	 due	 to	 emerging	 opportunities	
to	explore	vacant	ecological	niches.	The	occupation	of	these	coastal	
zones	would	have	 followed	 successive	 events	of	 feeding	 specializa-
tion	and	natal	philopatry,	leading	to	fine-	scale	population	structuring	
and	a	 reduction	 in	genetic	diversity	 (e.g.,	Hoelzel	et	al.,	1998;	Louis,	
Fontaine,	et	al.,	2014;	Natoli	et	al.,	2004;	Tezanos-	Pinto	et	al.,	2009).	
This	 process	 of	 diversification	 is	 a	 plausible	 scenario	 for	 bottlenose	
dolphins	in	the	SWA,	which	presented	similar	genetic	signals	to	those	
found	 in	 the	North	Atlantic	 (i.e.,	 ecotypes	with	contrasting	 levels	of	
genetic	diversity	and	following	independent	evolutionary	trajectories).	
However,	 this	 hypothesis	 should	 be	 explicitly	 tested	 exploring	 the	






et	al.,	 2012;	 Louis,	 Viricel,	 et	al.,	 2014;	 Lowther-	Thieleking,	 Archer,	
Lang,	 &	 Weller,	 2015;	 Segura,	 Rocha-	Olivares,	 Flores-	Ramírez,	 &	
Rojas-	Bracho,	2006).	 In	the	Northwestern	Atlantic	 (NWA),	however,	
current	 gene	 flow	 seems	 to	 be	 trivial	 between	 ecotypes,	 with	 the	
coastal	 haplotypes	 forming	 a	 separate	 evolutionary	 lineage	 (Natoli	
et	al.,	 2004;	 Tezanos-	Pinto	 et	al.,	 2009),	 similar	 to	 what	 we	 have	
found	in	the	present	study.	In	the	NWA,	the	coastal	ecotype	is	highly	




gested	that	 the	coastal	ecotype	might,	 in	 fact,	 represent	a	different	
species	 from	the	offshore	ecotype	 inhabiting	this	ocean	region	 (see	
Kingston	&	Rosel,	2004).	For	the	SWA,	little	information	is	available	
distinguishing	both	 ecotypes.	The	presence	of	 coastal	 and	offshore	
ecotypes	 have	 been	 preliminary	 suggested	 based	 on	 color	 pattern,	
feeding	ecology,	and	genetics	(Botta,	Hohn,	Macko,	&	Secchi,	2012;	
Costa	et	al.,	2015),	and	only	recently	a	detailed	study	based	on	skull	
and	 skeletal	 morphology	 of	 stranded	 dolphins	 have	 demonstrated	
the	presence	of	two	distinct	ecotypes	living	in	parapatry	(Costa	et	al.,	
2016).	 In	 addition,	 the	 great	morphological	 differentiation	between	
the	ecotypes	 led	the	 later	authors	 to	suggest	 that	 these	groups	are	
















Our	 results	 from	maternal	 and	 biparental	 molecular	 markers	 were	
congruent	 and	 showed	 that	 coastal	 and	 offshore	 bottlenose	 dol-
phin	ecotypes	 in	 the	SWA	are	genetically	distinct	 and	are	possibly	
following	discrete	 evolutionary	 trajectories.	 Sighting	 data	 from	 the	
literature	 indicates	 that	 coastal	 bottlenose	 dolphins	 are	 restricted	




opportunity	 for	 gene	 flow	 in	 this	 possible	 “contact	 zones”	 our	 re-
sults	suggest	negligible	interbreeding	between	ecotypes,	even	in	an	




tlenose	 dolphin	 ecotype	 as	 an	 additional	 Evolutionarily	 Significant	
Unit	 (ESU)	 in	 the	SWA.	The	 recognition	of	 this	ESU	 in	 the	SWA	 is	
relevant	in	the	context	of	planning	and	prioritizing	unit-	specific	con-
servation	strategies.	Studies	should	therefore	consider	the	offshore	
ESU	 separately	 for	 abundance	 estimates,	 monitoring,	 and	 popula-
tion	assessments.	Nevertheless,	it	is	important	to	point	out	that	the	
genetic	 isolation	 observed	 in	 the	 coastal	 ESUs	 (Fruet	 et	al.,	 2014)	





et	al.,	 2016	 for	 review)	 and	 local	 population	 declines	 (Coscarella,	
Dans,	Degrati,	Garaffo,	&	Crespo,	2012;	Vermeulen	&	Bräger,	2015).	
Thus,	 conservation	measures	 to	 enhance	 the	 long-	term	viability	of	
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